In the new form of Globalization of R&D, Multinational (MNEs) firms have established their R&D units in emerging Asian countries, particularly in India and China. In the 1980s MNEs located their R&D units in their country of origin and were very reluctant to go offshore beyond triad (USA, Western Europe and Japan). However, in the last decade there is a growing trend of MNEs going emerging markets such as India and China. Beside this, sourcing knowledge from globally dispersed knowledge hubs is also one of the major motives of this emerging trend. These foreign R&D centers have developed linkages with the other actors of the host economy to build their assets. This study has investigated the linkage patterns of foreign firms in India from an in-house developed database. The ICT sector is considered as a test case to investigate the linkages of foreign firms with the Indian entities. The study observed that most of the foreign firms are collaborating with the other foreign firms located in India. Next to the foreign firms, Indian firms are preferable compared to university or government research institutes. It shows that industry-academia linkages are quite weak in India. Foreign firms' embededness with the local innovation system is only by linking with the local firms. Although, India has very strong government research laboratories, these are not playing important role in collaborating with the foreign firms. From the policy perspective, industry -academia linkages needs to be strengthened. MNEs enter markets such as India not only for potential markets and 'cheap' skilled human resources but also for knowledge and technology base emerging in the knowledge hubs of these countries. Also, most of the collaboration happens in peripheral (joint development) rather than core domain (joint R&D). Many of the firms are going for 'Open Innovation' mode to build up their assets in India.
emerging economies are of major research concern today. There are many different actors in globalization of innovation process. However, MNEs have the central role in it because of their multifaceted role in more general process of globalization of innovation (Narula & Zanfei, 2005) . Archibugi & Pietrobelli (2003) identified three of types of globalization of technology namely: international exploitation of nationally produced technology; the global generation of innovation; global technological collaborations. Enterprises, especially large MNEs, may generate innovations following all these three procedures. However, in recent years, the globalization of innovation comes up with a new face with the growth and spread of the MNEs and FDI beyond the national borders. A new dimension has emerged with the present wave of globalization, particularly since the 1990s is that the MNEs from developed countries are establishing their R&D units in developing countries particularly in India and China (World Investment Report 2005; Krishna et al., 2012) .
With the growing pace of globalization, MNEs innovation strategy is also expanding as never before. Generally, firms expand globally as a consequence of home based 'ownership advantages' to be exploited in foreign markets (Kuemmerle, 1999; Patel & Vega, 1999) . MNEs usually restrict their R&D activity close to headquarter (Mansfield et al. 1979) . However, in the early 1980's they started R&D in offshore locations to augment home base R&D capabilities. Major reason for dispersion of R&D activities was to secure new technological competencies distributed globally. Many R&D units are now working beyond the adaptation of products developed in home to local market. Many firms are acquiring new knowledge from the local environment for the parent unit at home (Zander, 1999; Pearce & Papanastassiou, 1999; Niosi, 1999; Zedtwitz & Gassmann, 2002) . However, offshoring R&D by MNEs were restricted mainly in triad region (US, Western Europe, and Japan). In recent years new mode of organizing MNEs innovative activities are gradually emerging. MNEs around the globe are now eager to exploit developing countries' markets particularly the two emerging Asian major; China and India (Mrinalini & Wakdikar, 2008; Bruche, 2009; Krishna et al. 2012; Patra, 2014) . Simultaneously, government of both these countries are creating conducive environment for MNEs with attractive policies like tax breaks, knowledge parks, and multiple knowledge hubs in major cities in the form of world class educational institutes. Policy and decision makers in these countries realized that communication among government, university and industry is the key to innovation and sustainable growth.
As seen from Booz & company annual global innovation 1000 survey 2007; the top 80 US MNEs spend about $ 80.1 billion out of US$ 146 total R&D fund. Out of their total $117 billion R&D budget top 50 European companies spend $51.4 billion in overseas. Top 43 Japanese firms spend 40.4 billion out of a total of 71.6 billion in overseas R&D (Jaruzelski & Dehoff, 2008) . Although, global FDI flows have been severely affected worldwide recently by the economic and financial crisis, (FDI Inflows are likely to fall from $1.7 trillion in 2008 to below $1.2 trillion in 2010) it was recovered by 2010 with an outflow/inflow of up to $1.3-1.5 trillion in 2011 and reached up to $1.6-2 trillion by 2011 (UNCTAD, 2005; 2009 (World Investment Report 2005) . These expenditures are significantly higher than many individual countries' Gross Domestic Product (GDP). The world's largest R&D spenders are concentrated in a few industries, notably IT hardware, the automobile, pharmaceuticals and biotechnology industry (World Investment Report 2005) . MNEs play an important role in the innovative activities of their home countries and control or own a large part of the world's stock of advanced technologies (Narula & Zanfei, 2005) . The figures of R&D spending and other literature from UNCTAD and various other studies show that the large MNEs are also key actors in the generation and diffusion of innovation. MNEs use different means through which innovation develops and diffuses across national borders. MNEs are also very responsive to the specific variations in needs and customs that are peculiar to any given country or local situation, i.e. local needs (Katz, et al., 1996) .
Foreign Direct Investment (FDI) is one of the major instrument through which MNEs acquire existing assets abroad or set up new wholly owned activities (Greenfield investment) in foreign markets. Beside this there are other important procedures for example; trade, licensing, joint patents, and international technological and scientific collaborations. One of the major changes that have taken place in the post-2000 globalized era is that the corporate R&D at MNE headquarters is no more hierarchically integrated and concentrated in the home country or in the triad region (where MNEs are known to have conventionally operated). This has broken down and it is here argued that, the internationalization of R&D of 'one way relationship' of the 1980s has given way to 'two ways or multiple ways of relationships' towards globalization of R&D and globally distributed R&D for production and innovation.
This phenomenon of internationalization of R&D did not gain much attention of scholars till the early 1980's. Few early studies, for example Ronstadt (1977 Ronstadt ( , 1978 Behrman & Fischer (1980) studied US based MNEs and observed that R&D activities of MNEs depend upon the various push and pull factors. A new trend emerged in late 1980's when there was rapid increase in foreign-funded and foreignperformed R&D in most industrialized countries. OECD Science and Technology Indicators Report and the United States National Science Board Science and Engineering Indicators reported in early 1990s, that there is acceleration in the internationalization of industrial R&D (Niosi, 1999) . By the end of 1990s, however, it had become an important research area.
Scholarly literatures are available on the role of MNEs in the context industrially advanced countries of North America Western Europe and Japan. For example Mansfield et al. (1979); Behrman & Fischer (1980) ; Patel & Pavitt (1991 ) Zander (1999 ; Thursby & Thursby (2006) Niosi & Godin (1999) ; Gassmann & Zedtwit (1999); Belderbos (2003) have worked on various aspect of internationalization of R&D. However all the studies mentioned above are based on developed countries' firms doing R&D in other developed countries. The works on MNEs doing R&D outside developed countries are comparatively rare. So, strong theoretical framework is missing. The developing countries and their significance come into picture from the point of international technology transfer and trade and market prospects. However, studies on developing countries and emerging economies involving the role of MNEs are just emerging mainly from the perspective of these countries. Washington and Paris, but today it has two labs in India with over 500 scientists. These firms are developing significant number of their global products from their R&D centres in India. These developments in the recent years provided a good rationale and a potential ground for undertaking this paper. The paper is organized as follows; section 2 broadly deals with the literature on linkages of firms including the literatures on firms' embeddness with the actors of local innovation system. Further, this section briefly reviews the literature of social network analysis as an analytical tool and the relevance of open innovation in the era of globalization of innovation. Following the literature review, section 3 and 4 discuss the objectives and methodology respectively. Section 5 deals with the results including the types and the depth of linkages of firms with different local entities. Network maps are drawn to identify the important actors in the innovation system. Finally section 6 comes up the concluding remarks and policy implications.
Linkages of MNE's R&D Units with Actors of Host Country's Innovation system
MNEs generate new knowledge by investing in R&D and circulate this knowledge through its dispersed network of subsidiaries. To remain competitive particularly in high technology industries, firms continuously access to new information, know-how, and ideas. Knowledge generation and assimilation is essential to success for a firm. Presently, the knowledge produces and generated around the world in in an unprecedented manner which world has never witnessed before. So, it is very difficult for a firm or any other single entity to keep track of all the development happens in various technology fields. There are new technologies emerging with the convergence of technologies. So, to remain competitive MNEs continuously observe and absorb knowledge from other organizations including domestic and international firms, government laboratories, and universities. In high technology sectors large firms are no longer the sole locus of innovative activity. The locus of innovation is dispersed like a "network" of inter-organizational relations. Moreover, the network-like structure of the organizations responsible for innovation is perhaps arising from the relative immaturity of the technological paradigm. Arora & Gambardella had pointed out that in today's globalized world innovation process requires an appropriate combination of new and different organizational establishments to combine specialized complementary assets, controlled by different types of actors (Arora & Gambardella, 1990) . Firms can access external knowledge by engaging in inter organizational alliances. Empirical research has confirmed that strategic alliances are an important source of scientific and technological knowledge (Ahuja, 2000) . Alliances can be defined as "formal, legal entities that take time to establish and, being costly in terms of managerial time and attention, must be limited in their number, and targeted to specific needs. In an environment where the nature, location, and type of potential knowledge sources are continuously changing, firms need to develop flexible mechanisms of knowledge acquisition" (Almeida et al. 2011) .
In an Innovation System, the linkages among the various actors are very important for the best performance. Among the many other actors, universities, firms, government research institutes, venture capital firms, government policy, infrastructure etc. are important. It should be taken into account, that the efficient operation of a System of Innovation (SI) requires not only the activities of its component parts, but also the interaction among them. The innovative performance of a country depends to a large extent on how these actors relate and interact with to each other as elements of a broader system (Dahlman & Utz, 2005) . Linkages of a firm can take in the form of joint research project, joint development of a product, personnel exchanges, joint patenting, technology licensing, equipment purchase, and also a variety of other channels. Better networking may lead enhanced resource flows to the companies. Therefore, the networks between the group of firms and extra-regional actors are of importance (Rickne, 2001) .
MNEs are the main actors in knowledge transfer to the local firms in the developing world. Knowledge transfer occurs through the interactions with the local actors in the different stage of value chain (Reddy, 2011) . From host country's perspective, MNEs technological knowledge is the major contributor to develop local technological capability. Various kinds of linkages among the foreign firms with local institutions in host country have major impact on the capability and resource development of these firms. Firm's capability building depends upon the scope, quantity and quality of linkages formed among the foreign firms and local institutions' interaction (Giroud & Scott-Kennel, 2009 ). MNEs linkages in a host country can be of various forms backward, forward or horizontal. The linkages where foreign affiliates acquire goods or services from domestic firm are called backward linkages. When foreign affiliates sell goods or services to domestic firms is called forward linkages. Horizontal linkages involve interactions with domestic firms engaged in competing activities (UNCTAD, 2001 ). However, not all value chain relationships are equally favorable for knowledge transfer. Several knowledge transfers occur unwillingly through the workers' mobility. Some knowledge transfer happens voluntarily. For example MNEs themselves want to increase the efficiency of their local suppliers for different steps in their value chain.
Firms embeddedness with the local innovation system
Firms very occasionally work in isolation to build their assets, but in interaction with other actors of the innovation system (Gulati, 1998 (Gulati, , 1999 . However, there are variations in the pattern of interaction of firms with the different actors in the innovation system. This variations is due to the of firm's embeddedness in their environment for creating knowledge to achieve competitive performance (Figueiredo, 2011) . The embeddedness is important to accumulate capabilities for product, process or service innovation (Figueiredo, 2011; Andersson & Forsgrent 1996) . The degree of subsidiary's embeddedness is a function of the adaptation between the subsidiary and the local actors of innovation system. Subsidiaries accumulate innovative capabilities over time. Improvements in innovative performance are depends on the embeddedness of subsidiaries in the local context. The frequency and the quality of the linkages depend on intra-corporate counterparts ('internal' linkages) and local organizations ('external' linkages) and are important to achieve innovation capability.
To study the external linkages this paper follows the typology (Table 1) developed by Ariffin (2000) ; Ariffin & Figueiredo (2006) and Figueiredo (2011) . For this study these linkages are categorized into four types. The types of linkages are; Joint research, Joint adaptation modification (JAM), Human resource recruitment-education & training (HET), Arm's length (AL). This typology makes difference between arm's length transaction and joint R&D. Increasing weights are given based on the degrees of quality of knowledgeintensive linkages. The linkages were ranked from 1 to 4 according to their intensiveness of the knowledge creation involved. Arm's length being the lower level of linkages is given the lowest score and the score increases according to the intensity of linkages. Joint R&D program is the highest level of linkages with deep involvement of different actors. This typology helps to map the degree of collaboration of subsidiaries with the local actors.
The increasing weights of the degree of collaborations was used to map the collaboration and linkages patterns of foreign firms and the actors of local innovation system using social networking analysis tools.
Network analysis
Social Network Analysis (SNA) is getting increasing importance in recent years. Based on mathematical Graph theory, it is a multidisciplinary approach widely applied in many fields of science and social sciences since the late 1970's (Scott, 1991) . A social network is a set of individuals or entities which have some kind of relationships to some or all of the others in a group (Abbasi et al. 2012) . In network analysis, the people or groups are called vertices, actors or nodes and the connections are edges, ties or links. An actor can be a single person, a group, or a firm. A tie could be a friendship between two people, cooperation, collaboration or common member in a group, or a business relationship between the firms (Newman, 2003; Hanneman & Riddle, 2005; Abbasi et al. 2012) . As a useful tool to analyze the relationships between various actors, SNA is increasingly used in recent years in the innovation studies (Granovetter 1973; Wasserman & Faust 1994; Powell et al. 2005) . In a social network relational ties connect between the different or same types of actors within a network. These ties can be informal or formal. If the line between two nodes is non-directional, then the network is called undirected; otherwise, the network is called directed. In this collaboration network, nodes are the foreign firms and the local entities or firms ties (links) are types of relations (arm's length relations, join development, joint R&D programs and so on) among them. The collaborations between firms, represented in a graph can be examined from a macro-(network-centered) or from a micro-(actor-centered) perspective. The macro-structure of a network is useful to measure the social structure that arises out of the physics of its connections (Li-chun et al. 2006) . For example, in a networks where the actors connected within a short distances to all others are more likely to diffusion information quickly. The micro-structure of a network provides information about individual actors and their behavior in a network. For example, if an entity has more number of connections means it is more influential and have higher impact in the network (Degree Centrality). The micro-structure of a network analysis stressed on the measurement of Centrality. Centrality measures are the most important and widely used conceptual tools for analyzing social networks. The centrality measure (Faust 1997; Freeman, 1979) gives a fair idea which actor(s) are centrally located within the sample. All empirical studies try to identify the most important factors i.e., degree, betweenness, closeness, and eigenvector centrality within the network. The concept of centrality used in two-mode data, where data consist of a correspondence between two kinds of nodes, such as individuals and the events in which they participate (Borgatti et al. 2002 (Borgatti et al. , 2009 Newman, 2001; Scott, 1991 , Wasserman & Faust, 1994 . In this study uses the 2-mode concept for analysis of the actors and their positions in the networks. Here in this linkage analysis two different types of entities are involved i.e. the collaboration among foreign firms and local firms or educational institutes or government research institutes. This analysis also gives some indication of the potential flow of knowledge and communication between the different types of actors.
Open innovation
The closed innovation paradigms were popular concepts in 20 th century. The innovation was considered as 'black box' , and industries were mainly characterized by mass production. Generally firms were strong, self-sufficient and corporate philosophy was to invest more in R&D to achieve radical innovation. In traditional or so called "closed model" firms use their own capability to generate and develop innovation to remain competitive in the market (Chesbrough, 2003; Chesbrough 2006; De Jong et al. 2008 page 11) . Firms innovate using internal or external sources, then perfect the technology and make ready for commercialization. Like a funnel, the concepts narrowed down to the useful or beneficial concepts along with the companies' need. The failed projects or the concepts that did not match the corporate strategy, the ideas often remain unused (OECD 2008) . The innovation process was dropped unyielding innovations, and firms were only interested with radical innovations to achieve monopolistic advantages. Firms were also cautious about the intellectual property (IP) and usually kept it among themselves from the potential rivals. Collaboration in innovation process was not new concept. There are abundant literature available on inter or intra firm collaboration patterns. Various studies find that firms do not innovate in isolation rather co-operate with external partners in different steps of value chain. However, the openness in innovation process is becoming more prominent now-a-days as evidenced in popular as well as scholarly literature. The concept gained more popularity since 2003, with the term "Open innovation" coined by Henry Chesbrough. The concept, draws a great deal of attention among researcher and business communities worldwide (Chesbrough 2003; Chesbrough 2006) . Business management professionals, scholars are emphasized the need of open innovation strategies as it is becoming an integral part of global corporate strategy (Backer et al. 2008) . The uniqueness of the concept of "Open Innovation" is, it recognized the importance of both internal and external knowledge and a proper coordination of both will yield optimum benefit for a firm. The term "open" is generally related to many free software available in the market.
However, the open innovation is firmly based on benefit shearing and on intellectual property protection (OECD 2008) . However, the idea is still in germinating stage and primarily limited to the organizational level, but it is increasingly being discussed in the different level of innovation systems and related government policies (De Jong, et al. 2008) .
In today's highly complex, competitive and globalized market, MNEs have to innovate and develop commercially viable products quickly. In this competitive global business environment, corporate R&D function has changed rapidly. To meet the pressing challenge to innovate more and quicker MNEs have changed their innovation strategies and adopted new approach. It is observed that important innovations are increasingly being done at small and medium size entrepreneurial companies. University and research laboratories are gradually interested in forming industry partnerships to commercialize their research. Even individuals are today eager to license and sell their intellectual property. Rapid developments of ICT particularly the recent development of the Internet and web technologies have opened new means to access worldwide talent quite easily. Even the major MNEs like International Business Machines (IBM), Eli Lilly Proctor and Gamble (P&G) are doing research with the new concept of open innovation, by using one another (even competitors') innovation assets (like products, intellectual property rights, and even R&D manpower) (Huston & Sakkab 2006) . For example; P&G in 2000, realized that P&G couldn't meet its overall objectives by spending more on R&D for less return. The company reinvents the company's innovation business model by connecting ideas across internal businesses. By doing this, 50 % of P&G's innovation comes from outside the company. According to Huston, & Sakkab "The strategy wasn't to replace the capabilities of our 7500 researchers and support staff, but to better leverage them. Half of our new products… would come from our own labs, and half would come through them" (Huston & Sakkab, 2006) .
As seen from the P&G's example, not even the largest R&D spenders are doing their entire R&D, rather increasingly tying up with other. Along with other activity like sales, manufacturing, MNEs have gradually shifted their R&D activities across borders along with their global value chain. Many MNEs are banking on outside innovation for new products and processes. As a result, world's innovation landscape had changed significantly. Now firms are gradually shifting their innovation model from a centralized approach to a globally dispersed integrated model (Bartlett & Ghoshal, 1989) . New products and services are not only developed by one company but also in collaboration with partners such as suppliers, research institutes, competitors or even users (Hippel 2005 (Chesbrough & Crowther, 2006; Chesbrough, 2006) . Presently, it has taken center stage with the recent debate on globalization of R&D and the potential for the R&D function outsourcing. 
Objectives

Methods
In view of the objectives discussed above, this study is based on an in house developed database. The database has been developed with the collected information from various news sources. Many different newspapers are scanned form India, for example the Hindu Business Line; Economic Times, Business Standard and so on. Beside this the famous newspaper database, Lexis-Nexis was searched, using the keyword 'R&D centre and India' and all information about foreign R&D centres was downloaded. Moreover, information from firm's annual report and their press releases were collected and stored. The linkages of firms collected in this study are listed in Appendix. The information collected from the above mentioned sources are stored in a database prepared using MS Access. It is a relational database, which contains separate data files. All individual record of firms stored with different fields like the name of the firms, address in India, year of entry into the Indian market, major products developed from Indian R&D units, investment in manpower, investment in R&D, linkages with different entities, joint venture linkages or other mode of alliances etc. The records from the databases were taken in MS Excel for further analysis. Networking software (for example Ucinet and Net draw) were used to draw the network maps of firms linkages.
The firms in the database are further classified using the Global Industry Classification Standard (GICS). This classification system has jointly developed by Morgan Stanley Capital International (MSCI), and Standard & Poor's (S&P). Only those inter-firms' agreements are being collected that contain some arrangements for joint research, technology transfer, joint development, human resource development or arm length relations. This method of information gathering, called "literature-based alliance counting" (Hagedoorn, 1995; Duysters & Hagedoorn, 1996; Hagedoorn, 2002) . This method has its drawbacks and limitations. For example; only the information about the alliances or agreements which are publicly available in different news sources are collected. The information, which is not publicly declared, will be overlooked. Under reported, small and low profile firms are generally missed.
Despite these shortcomings, the method is widely accepted as seen from the MERIT-CATI database. This method is a fairly good source of empirical research and goes beyond the case studies (Hagedoorn, 1995; Duysters & Hagedoorn, 1996; Hagedoorn, 2002) .
Results and discussion
MNEs create linkages when they are directly involved in relationships with other firms in the host economy (via transactions or alliance-based relationships within or across industries) and consequently influence the output, capability development and productivity of partner firms. Linkages, therefore, embody inter-firm transactions, interactions and on-going relationships. MNE's subsidiaries have the potential to embed themselves within different types of knowledge networks in the host country, to accumulate their capabilities for innovation in products services, thereby strengthening their competitive advantage (Figueiredo 2011) . Subsidiaries accumulate innovative capabilities over time. Improvements in innovative performance are depends on the embeddedness of subsidiaries in the local context. The frequency and the quality of the linkages to the local organizations may be called as 'external linkages'. These kinds of relations are important for firms to achieve innovation capability. In order to accumulate their capabilities to innovate, most firms depend on a wide variety of knowledge-supplying partners. There are variations in the way firms create their capabilities. Additionally, firms very occasionally work in isolation to build their assets, but in interaction with other actors of the environment (Gulati, 1998) . However, there are variations in the pattern of interaction of the firms with the different actors in the innovation system. This variations is due to the of firm's embeddedness with different actors in their environment to create knowledge to achieve competitive performance (Figueiredo, 2011) .
To study the external linkages, the study follows the available typology described in Table 1 (Ariffin, 2000; Ariffin & Figueiredo, 2006; Figueiredo 2011) . This typology makes a difference between arm's length transaction and joint R&D. Increasing weights are given based on the degrees and quality of knowledge-intensive linkages. For this study, the linkages were ranked from 1 to 4 according to their intensiveness of the knowledge creation involved. This typology helps to map the degree of collaboration of subsidiaries with the local actors.
Among all types of linkages, Arm's length linkages are considered the lower type of knowledge base interactions and given the score 1. In these kinds of interactions or relationships, the actors are not deeply attached with each other. So, the social closeness among the actors is lacking. These are generic and business-type of relationships involving exchanging of services and goods. However, through these types of linkages a firm may acquire different types of unique knowledge and skills.
If firms have some kind of human resources, education and training programs with local organizations, is considered higher level of linkages than Arm length transactions and given weightage of "2". The examples of these kinds of linkages may be as follows. Intel along with NIIT have jointly developed 'Multi-core' training curriculum in 2007.
2 Texas Instruments along with Jawaharlal Nehru Technological University signed agreement to impart training to faculty and students to educate them in digital signal processing, embedded systems and related areas. In the next level beyond the education and training is the acquisition and sharing knowledge with local organizations for product development and research. These types of agreements are higher than the joint human resource development program and are given weightage of "3". 
Types of linkages in India
Foreign MNEs in India conduct R&D in many different ways. According to Reddy (1997 Reddy ( , 2011 ) the foreign firms in India may have wholly owned stand-alone R&D units. These kinds of R&D units are closely in contact with the MNCs' headquarters and report directly to the parent unit. It is discussed in the earlier section that MNEs linkages with different entities in India are in several different forms. It may be a joint venture R&D with Indian educational institutes, Indian companies or other foreign firms. The technology alliances can be with Indian companies, including outsourcing of R&D to Indian companies; and research collaboration with Indian universities and national research institutes (Reddy, 1997; . It has also observed that in India there is recently many R&D service providers are emerging. Such service providers include both foreign and local companies. Indian R&D service providers have established their reputation globally as capable to deliver products and processes Also, India has a number of world class educational institutes to whom foreign firms prefers as collaborative partners. There are many examples of MNEs R&D units situated in Indian universities campuses (Krishna, 2012) . Among the total 698 linkages of foreign firms identified in this study in IT sector, the maximum numbers of linkages are observed as joint development programs. There are about 291 (41 %) joint development programs among foreign firms and other entities. There are 237 (about 34 %) joined R&D programs, 41 (6 %) joint human resources development programs and 129 (18 %) alliances can be considered as arm length linkages ( Table 2 ). The In hardware industry group among the total 185 linkages 93 (about 50 %) are with the foreign firms followed by 56 (30 %) with the Indian firms and 27 (15 %) are with the Indian educational institutes.
In semiconductor industry group among 80 linkages identified, 50 (62 %) are with the foreign firms, 18 (23 %) are with the local firms, 11 (14 %) are with Indian universities or educational institutes and no linkages with Indian with government institutes.
Linkages of 106 firms are analyzed in software and services industry group. This group consists of three industries namely; Internet software and services, IT services, Office Electronics, and Software. The details of breakup of this group's firms are as follows: Internet software and services, 14 firms; IT services (28 firms) Office Electronics 1 firm Software 63 firms. The software industry firms constitute the major portion of the sample studies. Among the total 223 linkages identified in this group, 123 (55 %) are with the foreign firms followed by 58 (26 %) with the local firms. There are 31 (14 %) linkages with the universities and 4 (1.7 %) with the government or government funded research institutes.
It is evident from the Table 3 that, in total about 488 total entities 266 (about 55 %) are with the foreign firms and the rest are Indian institutions/firms. The firms mostly collaborate with other foreign firms. This is perhaps due to the firm's global alliance extended to the Indian subsidiaries. The linkages with the Indian firms are the second most prominent forms of linkages. There are many domestic firms which have formed alliances with the foreign firms R&D units. Indian universities and government research institutes are not much prominent in the formation of linkages with the foreign firms. It shows that industry academia linkages are quite weak in India.
Collaboration networks
The linkage maps of the foreign firms in different industry groups of ICT sector are drawn using UCINET (Borgatti et al. 2002) . From the databases of linkages of about 204 firms, the firms are further categories under three major industry groups. There are about 73 firms in Technology Hardware & Equipment Industry group; 26 firms in Semiconductor Industry groups and 106 firms in Software and Services Industry groups (see in Appendix). The collaboration network of firms is analyzed in two levels i.e. Macro level (whole network) and Micro (individual actor level). The following section will deal with the Macro (whole network) characteristics of the network. The whole network structure of the different industry group is presented in the Table 4 . In a network the measurement of average degree and the weighted average degree of the nodes show the closeness of the actors in a network. It is generally observed that in a network, the higher the average degree, the tighter the network is. Although in this study software & services industry groups has the maximum number of linkages with the local entities, the average degree of nodes in the networks of this study shows that the cooperation in this network members are not very dense.
The diameter is the length of the longest geodesic distance within components. Except the Software & Services, the diameter of the network is small means the network actors are not very far from one another. The density of a collaboration network is simply the proportion of all possible ties that are actually present. Among the all industry group semiconductor industry software industry the actors are closer than any other groups. However, there are less number of firms in this group. From the whole network level analysis it can be said that the collaboration network of firms are not very dense and a few members in the network has the controlling position in knowledge flows.
Micro level characteristics of collaboration network
In Micro level network measurements mainly deals with the centrality. Centrality measures identify the most prominent actors in a network. Centrality indicates one type of "importance" of actors in a network. It is a fundamental concept in network analysis to identify the "key" players (Freeman, 1979; Borgatti & Everett, 2006; Borgatti, 2005) . The most important centrality measures are: degree centrality, closeness centrality and betweenness centrality. The following section will deal with the centrality measures in three industry groups. In this group of firms, other form of collaboration is also observed. For example; Sun Microsystems designed an "eco consortium" in India as part of its eco innovation initiative in 2007. The group formed by the members like APC-MGE, Advanced Micro Devices, Hitachi Data Systems and Wipro Infotech. The consortium worked together to address the issues like power consumption, space and limited infrastructure requirement. This consortium enabled customers to make their business eco-friendly and "green" and address technology infrastructure issues in the data center. The consortium partners shared various aspects of the technology according to their expertise. For example, Wipro Infotech provided system integration and scaling, APC-MGE dealt with the power and cooling systems. AMD provided energy-efficient computing technologies. Hitachi Data's green storage solutions enabled better use of storage and power consumptions. In this way the consortium aimed to achieve power efficiencies and better computational capabilities.
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Electrical equipment & instruments industry There are 11 firms in this group. Agilent has 7 various R&D partnerships with different universities or educational institute in India. Agilent accept or promote funding for doctoral research proposal from various IITs and IISc. 10 LG has collaborated with IIT Delhi in 2008 for the development of refrigerator compressor technology. 11 As discussed in the previous section Sun Microsystems has initiated "eco consortium" in India as part of its eco innovation initiative. Wipro Infotech, APC-MGE, Advanced Micro Devices and Hitachi Data Systems, are the members of the consortium. Figure 1 present the collaboration network of firms in Technology hardware and Equipment Industry group firms based on the degree centrality measure. The network map was drawn from the different types of linkages of 73 firms with 185 different entities including local firms, educational institutes, government research institutes and foreign firms with R&D units in India. It shows that Sun Microsystems (Sun was acquired by Oracle Corporation in 2010) had the maximum number of collaborations with different Indian entities, followed by Hewlett-Packard Co. and Cisco. Although there are other firms in this industry they are not occupying any knowledge controlling positions. The details centrality measures of top 10 actors are presented in Table 5 .
Among the local actors Wipro Limited, Satyam Computer Services (Now Tech Mahindra), Reliance Communications, HCL Infosystems Ltd. are the promenent actors in terms of degree centrality. Again it is important here to note that Indian firms are more prominent in formation of linkages rather than Indian educational institutes or government research laboratories.
Semiconductor Industry group firms
The network map is drawn from the available linkages of 26 semiconductor firms (Fig. 2) . Among the sample firms Intel Corporation is the most prominent actor followed by Texas Instruments Inc. and ARM Holdings plc. The major network cluster is being formed by the few top actors (Table 6 ). There are many firms which are not much prominent in terms of linkages. 
Software and services industry group
Linkages of 106 firms are analyzed in this group (Fig. 3) . The top 10 actors in this industry group with their centrality measures are given in Table 7 . Wipro Limited, Tata Consultancy Services (TCS), HCL Infosystems Ltd, Infosys, Satyam, International Institute of Information Technology-Hyderabad are the major collaborating entities among the local firms.
Open innovation
As discussed in the literature review section, open innovation is the latest corporate philosophy firms implement to combine in-house research, expertise, and capabilities with external knowledge, expertise to accelerate innovation in product and technology development of the firm. More and more firms are shifting their innovation policy towards 'open innovation model' in India irrespective of the sector . Dr. Meera Sampath, director of the Xerox India Innovation Hub further asserted that "Open Innovation is at the core of how we conduct research not only at the Xerox India Innovation Hub, but also at Xerox research centers around the world….Linking the talent in India with Xerox's 500 scientists at our centers in the U.S., Canada and France will allow us to leverage the power of truly global innovation networks and engage in cutting-edge research to create unique value for our customers around the world." (Xerox Launches Innovation Hub in India, March 17 th 2010).
Software giant Microsoft also promotes as well as encourage open innovation program in India. In 2013, Microsoft along with Coimbatore based KGISL Group of Institutions started an innovation centre. The program aimed to increase the employability of students by giving a platform for corporates to hire Microsoft technology certified students of high caliber for internship and placements. According to the Microsoft India official "..the programme would help students to improve their employability". The programme will offer 250 internship opportunities and 100 employment opportunities for students (Microsoft to open innovation centre at KGISL, May 9th 2013).
Indian Institute of Technology (IIT) Indore and Computer Science Corporation (CSC) in India signed a memorandum of understanding (MoU), for IIT Indore to 
Conclusions
This paper explored the structure of linkages of foreign R&D centers with institutions in India. Much of the focus has been to explore the way these linkages manifest with the local universities and public research institutions, local and foreign private business enterprises and their R&D centres. The main purpose of this exploration, beyond linkages between foreign and Indian entities, was to understand how open innovation concept is unfolding in the Indian context. Analytical framework was useful to explore globalization of R&D and the nature and character of linkages through some indicators and measures. Among the total of 698 linkages of foreign firms, we have considered ICT and allied sectors for this study. In India, linkages were mostly on joint product development program (291 links) followed by joint R&D (237 links). However, firms were almost equally involved in these two types of activities. Also, there were a number of human resource development programs conducted by foreign firms. This might be because of Indian firms were active in peripheral part of the MNEs value chain. In ICT sector foreign MNEs in India developed linkages more towards low and high-end service mode rather than joint R&D.
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Among emerging Asian economies, particularly India is not only seen as one of the biggest markets but is preferred due to emerging S&T and R&D ecosystems and knowledge hubs in the ICT sector. The main advantage is that the Indian innovation eco-system is endowed with huge reservoir of talented and highly skilled human resources together with market potential in ICT knowledge hubs in Bangalore, Chennai, Delhi National Capital Region, Pune and Hyderabad. Foreign firms were increasingly shifting their R&D and Global Development Centers in these regions. Now many foreign firms were moving to capture these markets and also to exploit the huge talent and knowledge pool. As a result, the collaboration between global MNEs and local Indian firms were increasing. However large firms and their R&D units are operating in India from a long time with considerable links with local entities. For example GE, Microsoft, Texas Instruments etc. had established units in India since long and their linkages in India were more with different actors of innovation system compared to other MNEs in India. Reddy (1997) observed that foreign R&D units in India were closely linked with corporate R&D headquarters in the parent countries. His study on Global Technology Units (GTUs) indicated that they are predominantly dependent on parent company for core R&D and innovation needs for operating at global level. They were reluctant to move beyond the triad (USA, Western Europe and Japan). However, the situation has changed in the last decade.
Our study reveals that foreign firms and MNEs preferred Indian firms and R&D institutions as their alliance partners for R&D and innovation. For example in the ICT sector, out of 488 linkages there were about 266 (about 55 %) linkages were with the foreign firms; 132 (27 %) with the local firms; and 69 (about 15 %) the Indian educational and R&D institutes. Similar trends were observed in disaggregated exploration of three industry groups in the ICT sector. University and government research institute were less preferable linkage partners compared to the foreign and Indian firms in India. Even though 15 % of linkages with higher educational and R&D institutions indicate lower statistical figure, this linkage is rather very crucial and generally cannot be quantified. Such links feed into long term R&D and global innovation strategies of MNEs. For instance, IBM laboratories in Delhi collaborate with IIT Delhi on long-term R&D problems for global innovation. Adobe India Ltd in Noida and Bangalore, which employ over 1000 software personnel, developed most of their products in India such Acrobat Reader, Photoshop among several others for global markets. Indian software firm Infosys that placed nearly 13,000 professionals in their worldwide units is part of Automotive Open Systems Architecture-Autosar. It networked with global auto manufacturers involved in R&D and standardization of software for auto electronics innovation. Similarly, Tata Consultancy Services with 89 000 employees operating in 47 countries develops software solutions in collaboration with American Express, Microsoft and GM among others. 20 There is some evidence that software high end services are getting more and more integrated with what we conventionally understand by R&D. Software high end and innovation end of the R&D spectrum are closely tied and integrated. This however needs to be further explored. A number of firms also formed alliance for example with consortium of Green computing, Cloud computing etc., along with the other foreign and Indian firms. Firms are also moving towards more open and globally dispersed innovation model. Our empirical exploration of ICT sector reveals that Indian based local and foreign firms and their R&D and innovation centers are emerging as important sources of Indian knowledge hubs for global innovation networks and chains. Ernst (2005:61) in a revealing way indicated that MNEs are 'increasing their overseas investment in R&D, while seeking to integrate geographically dispersed innovation clusters into global networks of production, engineering, development and research'. There is a strong empirical evidence of this in this study in the case of India. In a revealing way Chesbrough's open innovation is in full alignment with the emerging trend of
